The stress catabolism state predisposes critically ill patients to a high risk of malnutrition. This, coupled with inadequate or delayed nutrition provision, will lead to further deterioration of nutrition status. Preexisting malnutrition and iatrogenic underfeeding are associated with increased risk of adverse complications. Therefore, accurate detection of patients who are malnourished and/or with high nutrition risk is important for timely and optimal nutrition intervention. Various tools have been developed for nutrition screening and assessment for hospitalized patients, but not all are studied or validated in critically ill populations. In this review article, we consider the pathophysiology of malnutrition in critical illness and the currently available literature to develop recommendations for nutrition screening and assessment. We suggest the use of the (modified) Nutrition Risk in the Critically Ill (mNUTRIC) for nutrition risk screening and the subjective global assessment (SGA) together with other criteria relevant to the critically ill patients, such as gastrointestinal function, risk of aspiration, determination of sarcopenia and frailty, and risk of refeeding syndrome for nutrition assessment. Further research is needed to identify suitable nutrition monitoring indicators to determine the response to the provision of nutrition. (Nutr Clin Pract. 2019;34:96-111) 
Introduction
In critically ill patients, nutrition status is closely linked with clinical outcomes. However, determination of nutrition status in critically ill patients is not a straightforward process. Recognizing the role of inflammation in affecting the nutrition status of a patient, Jensen et al 1 proposed a concept to define malnutrition based on etiologies. This concept divides malnutrition into the following 2 main etiologies: pure starvation without disease (starvation-related malnutrition) and disease-related malnutrition associated with variable degree of inflammation (chronic diseaserelated and acute disease or injury-related malnutrition). 1 This conceptual model was later adopted by the consensus between the Academy of Nutrition & Dietetics (AND) and the American Society for Parenteral and Enteral Nutrition (ASPEN) for the diagnosis of malnutrition (AND-ASPEN Consensus). 2 The discussion of this article will focus on the definition of acute disease or injury-related malnutrition. Based on the pathophysiology of malnutrition in critical illness and the current available studies, considerations for nutrition screening and assessment of critically ill patients are discussed and suitable tools are suggested.
Pathophysiology of Malnutrition in Critically Ill Patients
The pathophysiology of malnutrition during critical illness can be viewed from at least the following 2 main perspectives: stress catabolism and inadequate nutrition intake.
In the early phase of critical illness, catabolic hormones (such as glucagon, cortisol, and catecholamines) are secreted to mobilize body nutrition reserves (muscle and adipose tissue) for the generation of endogenous energy substrate (glucose, amino acids, and free-fatty acids) and to prioritize the delivery of these energy substrates to vital organs such as the brain or the heart. 3, 4 At the same time, proinflammatory cytokines such as Interleukin (IL)-1, IL-6 and tumor necrosis factor-α are also secreted in response to the body's acute insult and further exaggerate the catabolism process. 4 During such inflammatory states, the provision of nutrition is not able to completely reverse the loss of body cell mass. 3 Such conditions predispose critically ill patients to a high risk of malnutrition (loss of body cell mass to a critical level), and the risk of complications is significantly increased if malnutrition ensues. 5 At this stage, the priority is to provide nutrition support to support vital organ system functions and preserve appropriate host responses while the underlying disease is treated. 6 Although the disease process has tremendous impact on the nutrition status of critically ill patients, depending on the patients' history, the patients may already have features of malnutrition with a reduced or restricted food intake long before intensive care unit (ICU) admission due to the underlying chronic conditions (such as chronic obstructive pulmonary disease, cancer, or chronic renal failure) or have reduced intake from a hospital stay prior to ICU adminssion. 6, 7 Moreover, in the ICU, the patients may continue to have restricted nutrition intake and thus they may experience prolonged fasting or frequent feeding interruptions due to various ICU procedures. 8 These 2 factors, preexisting malnutrition and iatrogenic underfeeding, may further complicate the nutrition status and worsen clinical outcomes.
Nutrition Risk Screening
ASPEN defined nutrition screening as "a process to identify an individual who is malnourished or who is at risk for malnutrition to determine if a detailed nutrition assessment is indicated." 9 In the critically ill patient, the stress catabolism process associated with the degree of inflammation (which is closely linked with disease severity) requires nutrition screening that considers nutrition risk in the context of disease severity and clinical outcomes. 5 Nutrition screening in this context therefore "refers to the risk of acquiring complications and other forms of adverse outcome that might have been prevented by timely and adequate nutrition support." 5 The nutrition risk screening tool must be able to identify the patients who are most likely to benefit from more adequate nutrition provision. 10, 11 Because the pathophysiology of malnutrition is closely linked with the underlying inflammatory status, the scoring system must include variables related to the metabolic state and disease severity. 5 The following 2 nutrition risk screening tools in the literature have such characteristics: the Nutrition Risk Screening 10 and the Nutrition Risk in the Critically Ill (NUTRIC;
(NRS-2002)
11 Appendixes 1 and 2). The NRS-2002 was developed from an analysis of controlled trials and included recent dietary intake, weight loss, disease severity, and age to identify patients' nutrition risks. 10 A score of ࣙ3 is considered to be high nutrition risk. It has been shown to have good predictive validity in various hospitalized patients, 12, 13 but not in critically ill patients. Furthermore, the automatic classification of patients with an Acute Physiology and Chronic Health Evaluation II score of ࣙ10 to high nutrition risk render most ICU patients to be classified as high risk. Furthermore, the utility of variables such as recent food intake and weight change may be limited due to data unavailability or inaccuracy.
The NUTRIC score was developed in studies of critically ill patient populations and has been validated in many observational studies from different countries.
11,14-23 As IL-6 is not routinely performed in most ICUs in the world, the modified-NUTRIC (mNUTRIC) score without IL-6 was proposed and revalidated.
14 However, one of the major limitations of the NUTRIC/mNUTRIC score is the absence of classical nutrition variables such as recent food intake and weight change.
The ASPEN/Society of Critical Care Medicine guidelines suggest the use of either the NRS-2002 or NUTRIC/mNUTRIC for the nutrition screening of a critically ill patient. 24 However, the NUTRIC/mNUTRIC score may be a more suitable nutrition risk screening tool than the NRS-2002 based on the following reasons:
1. The NUTRIC/mNUTRIC score was developed in the critically ill patient population with a clear conceptual model based on the etiology-based malnutrition definition proposed by the AND-ASPEN consensus and considered variables for starvation (acute and chronic), inflammation (acute and chronic), age, disease severity, and organ dysfunction. 11 2. The absence of classical nutrition variables such as weight change and recent food intake was due to the difficulty in obtaining such variables in ICU patients. During the initial development study of the NUTRIC score, >70% of the data from these variables were unable to be obtained. Moreover, the inclusion of the available data from these variables were not predictive of the outcome (28-day mortality), and therefore they were eliminated from the final statistical model. 11 Even if these variables were obtained, the accuracy of this information may not be verifiable. 3. The variables in the final model of the NUTRIC/ mNUTRIC score correlate well with the pathophysiology of malnutrition presented previously, whereby the degree of inflammation is a more determining factor of nutrition risk especially during the acute phase of critical illness and hence the use of the disease severity (Acute Physiology and Chronic Health Evaluation II) and organ failure scoring (sequential organ failure assessment) is reasonable. 4. The variables "number of comorbidities" considered chronic inflammation and "days from hospital to ICU admission" considered iatrogenic reduced or restricted food intake that occurred before ICU admission. In our opinion, both of these variables are more objective and include the possibility of long-term and short-term reduced food intake and recent weight loss. 5. The NUTRIC/mNUTRIC score has been shown in various critically ill populations to have good predictive validity for clinical outcomes, although the discriminative ability is of fair level (Table 1) . 11, [14] [15] [16] [20] [21] [22] [23] Various observational studies in different populations have also shown that clinical outcomes are modified by nutrition adequacy depending on the risk status of the patients (Table 1) . 11, 14, [16] [17] [18] [19] The NUTRIC/mNUTRIC score remains to be prospectively tested in a randomized controlled trial. There have been inconsistent results from post hoc analyses of prospective randomized trials. In one trial, similar clinical outcomes were demonstrated between patients with high and low nutrition risk regardless of the nutrition provision. 25 Although the subgroup analysis of another pilot randomized trial demonstrated a trend toward lower ICU and hospital mortality among patients with mNUTRIC ࣙ5 who received greater energy and protein delivery by supplemental parenteral nutrition (albeit not significant, P = .19), such a trend was not observed in patients with mNUTRIC <5. 26 Future trials that focus on enrolling patients with high nutrition risk may be able to provide a more definitive answer on whether the mNUTRIC score can modify the relationship between nutrition adequacy and clinical outcomes.
Nutrition Assessment
Nutrition assessment has a different role from nutrition screening. As discussed previously, nutrition screening determines the nutrition risk of a patient, and in this context, the risk of acquiring complications as a consequence of failure of optimal nutrition provision. In contrast, nutrition assessment is a formal evaluation of patient nutrition status by a trained healthcare professional, usually a dietitian, and results in a nutrition-related diagnosis. 27 The AND-ASPEN consensus statement proposes the characteristics and criteria for the diagnosis of malnutrition (undernutrition), which are the following: energy intake, weight change over time, subcutaneous fat loss, muscle loss, fluid accumulation, and handgrip strength. 2 A minimum of 2 of the 6 characteristics is recommended for the diagnosis of malnutrition. 2 The criteria to diagnose moderate or severe malnutrition in the context of acute illness or injury is shown in Appendix 3. One recent prospective study in critically ill patients has found that patients who were malnourished as determined by the AND-ASPEN consensus criteria had 2.5 times higher hospital mortality risk than their nonmalnourished counterparts. 28 Besides the AND-ASPEN consensus criteria, another potential nutrition assessment tool is the subjective global assessment (SGA), initially developed to predict postoperative outcomes. 29 The SGA incorporated weight change, recent food intake, gastrointestinal (GI) symptoms, functional capacity, subcutaneous fat loss, muscle loss, and fluid status for the diagnosis of moderate (SGA class B) or severe malnutrition (SGA class C; Appendix 4). In fact, the criteria used for assessment between the SGA and the AND-ASPEN consensus are notably similar.
Nevertheless, the SGA has been widely studied in the critical care setting. A recent systematic review has identified at least 10 studies that used the SGA in critically ill patients. 30 Among the 5 studies rated as high quality, SGA class B or C when compared with SGA class A were associated with increased hospital mortality, longer ICU length of stay, increased risk of new infection and ICU readmission, and increased percentage of patients discharged to nursing home. 30 Therefore, the SGA may be more favorable than the AND-ASPEN consensus criteria for the nutrition assessment of critically ill patients.
However, both the SGA and the AND-ASPEN consensus criteria have at least the following limitations:
1. They were not developed in critically ill populations and therefore lack variables relevant for critically ill patients. 2. They have failed to incorporate the severity of acute illness and criteria associated with stress metabolism. 31 3. They are not "responsive enough" to changes within a relatively shorter time duration and thus are not helpful in assessing whether nutrition provided is optimal, hindering effective nutrition monitoring and evaluation. 32 4. Critically ill patients are often unconscious and therefore weight and food history are either not available or obtained from family member. 11 Although 1 feasibility study reported that weight and food history can be obtained in 54.5% and 76.4% of the ICU patients, respectively, 33 the accuracy of the information provided (especially by proxy) may not be verifiable. 5. Required subjective clinical interpretation and therefore training is needed especially among nonexperts. Besides the use of the SGA or the AND-ASPEN consensus criteria for nutrition assessment, there are many other criteria relevant to ICU patients that a dietitian needs to consider during the nutrition assessment process. The ASPEN/Society of Critical Care Medicine guidelines suggest an evaluation of comorbid conditions, function of the GI tract, and risk of aspiration as part of nutrition assessment. 24 However, no further explanation or more specific variables were provided. It is indeed useful to consider the current diagnosis as well as the comorbid conditions of the patients to evaluate the degree and duration of inflammation as well as the possible duration of inadequate nutrition intake. In fact, the NUTRIC/mNUTRIC score has the number of comorbidities as one of its variables.
The variables to evaluate GI tract function may be adopted from the study of Reintam Blaser et al. 34 This prospective multicenter observational study found that GI symptoms including high gastric residual volume, vomiting or regurgitation, diarrhea, bowel distension, GI bleeding, and abdominal compartment syndrome (Table 2) were predictive of 28-day mortality, and the occurrence of 3 or more coincident GI symptoms was associated with higher 28-day mortality. 34 In critically ill patients with enteral nutrition, the risk factors of aspiration include a documented previous episode of aspiration, reduced level of consciousness (continuous infusion of sedatives or increased intracranial pressure), vomiting, persistently high gastric residual volume, and being fed in supine position and/or having increased risk of delayed gastric emptying (hyperglycemia, electrolyte abnormalities, use of drugs known to reduce gastric emptying). 35 The potential use of various technologies for the assessment of body composition such as computed tomography (CT), ultrasound, and bioelectrical impedance analysis has been explored in various studies in recent years. 36 Skeletal muscle quality revealed by CT scan at the third lumbar vertebra was associated with mortality in critically ill patients. [37] [38] [39] However, CT scans are costly, require transfer to a radiology unit, and involve a dose of radiation that limits its usage to patients for whom CT is ordered for other clinical reasons. The measurement of quadricep muscle layer thickness by ultrasound in the ICU also showed promising results. 40, 41 Serial ultrasound measurement of the rectus femoris cross-sectional area has shown that muscle mass decreases continuously from ICU admission to almost one-fifth of baseline at day 10 of an ICU stay. 42 Low fatfree mass as indicated by low phase angle or high impedance ratio obtained by bioelectrical impedance analysis measurement has also been shown to be associated with mortality and time-discharge alive among the critically ill patients. 43, 44 However, the routine use of such body composition analysis techniques may be impractical in the mechanically ventilated critically ill population. Fluid and electrolyte abnormalities commonly seen in critically ill patients will influenced the accuracy of bioelectrical impedance analysis, and further research is needed to define the optimal way to conduct ultrasound measurement for a better reliability and validity in the ICU. 36 Because low skeletal muscle mass is associated with poor clinical outcomes in the ICU and traditional imaging methods are impractical or not yet validated, alternative measures to diagnosing low skeletal muscle mass may be needed. [37] [38] [39] The SARC-F is a simple and validated questionnaire used to determine sarcopenia (Appendix 5). 45, 46 As the main feature of sarcopenia is the loss of muscle mass (and strength), 47 the SARC-F may be useful to identify patients with low skeletal muscle mass before ICU admission. As sarcopenia is commonly associated with frailty, 48 frailty can also be measured by using the Clinical Frailty Scale (Appendix 6). 49 In a systematic review and meta-analysis, 7 of the 10 included studies used the Clinical Frailty Scale to measure frailty. The presence of frailty in the ICU was found to be associated with increased mortality and reduced likelihood to be discharged home. 50 It is most likely that sarcopenic and frail patients had poor nutrition status and warrant a more attentive nutrition intervention. 47, 50 
Suggestions for Nutrition Screening and Assessment for Critically Ill Patients
The AND has developed the Nutrition Care Process, which includes nutrition assessment, nutrition diagnosis, nutrition intervention, and nutrition monitoring and evaluation to guide and standardize dietetic practice. 51 In the Nutrition Care Process, nutrition assessment consists of 5 components, which are food and nutrition-related history; anthropometric data; biochemical data, medical test, and procedures; nutrition-focused physical findings; and client history. 51 The variables used by the NUTRIC, NRS-2002, SGA, and AND-ASPEN as part of the components of nutrition assessment are summarized in Table 3 . As severity of disease plays a major role in the pathophysiology of malnutrition, a clinical component is added to the 5 original components. From the table, it is observed that the variables for the NU-TRIC score and the SGA are mutually exclusive (variables used by the NUTRIC are not used by the SGA and vice versa). Therefore, both tools complement each other well for the nutrition risk screening and assessment of critically ill patients. A recent study in 439 critically ill patients showed that the discriminative ability of a combination of tools on hospital mortality is better (area under the receiver operating characteristics curve [aROC], 0.70) when compared with either a single tool (aROC for mNUTRIC, 0.66; aROC for SGA, 0.61). 22 When compared with patients who had low nutrition risk or were not malnourished, an mNUTRIC score of ࣙ5 and SGA classification of B or C increased hospital mortality by 14.4 times, whereas hospital mortality was increased by 5.3 times and 4.3 times if only the mNUTRIC or SGA were used alone, respectively. 22 Another study also found that patients who were classified as high nutrition risk (by the mNUTRIC) and malnourished (SGA) had the longest hospital and ICU length of stay and were more likely to require additional rehabilitation after discharge from the ICU. 52 The improvement of discriminative ability for 28-day mortality cannot be demonstrated when the mNU-TRIC was used in combination with the Malnutrition Universal Screening Tool, whereas the aROC used in combination resulted in a lower discriminative ability and was lower than when the mNUTRIC was used alone (0.679 vs 0.768). 15 Therefore, a complete nutrition evaluation for a critically ill patient may include the use of the NUTRIC/mNUTRIC score for nutrition risk screening and the SGA and other relevant criteria for ICU patients (such as GI tract function and risk of aspiration) for nutrition assessment. The use of AND-ASPEN consensus criteria may also be feasible given the almost similar criteria with the SGA. However, the SGA is more favorable as it is well studied in the critically ill population. In addition, the SGA does not require a handgrip dynamometer, which may not be available in a resourcelimited setting. ICU patients may also be unconscious or too weak to perform test for handgrip strength. In addition, the cut off values of the variables were defined arbitrarily. More studies are needed before a stronger recommendation for its use in the critically ill patients can be made. The incorporation of body composition analysis for nutrition assessment is an added advantage if feasible. The use of simple questionnaires to identify patients with sarcopenia and/or frailty before ICU admission may also help to determine potential patients with low skeletal muscle mass and poor nutrition status. The monitoring of the response to nutrition intervention may be a more difficult task as most of the nutrition variables are not responsive enough to assess whether nutrition provided is optimal. 32 However, electrolyte level (such as phosphorus and potassium) need to be monitored frequently during the initial stage of nutrition provision to detect potential occurrence of refeeding syndrome so that calorie intake can be adjusted accordingly. 53 Future studies may monitor the clinical response to treatment such as level of inotropes, dose of insulin needed for glycemic control, ventilator setting, wound healing, and physical functioning as potential indicators for optimal nutrition therapy. Ferrie and Tsang 54 suggested the use of fatigue scoring and functional tests (such as handgrip strength and forced expiratory volume in 1 second) in conscious patients and the use of bedside ultrasound for unconscious patients as potential nutrition monitoring indicators in the ICU, which remains to be tested in a prospective randomized trial. It must be noted that currently there is no gold standard for the diagnosis of malnutrition, and therefore it is necessary to exercise appropriate clinical judgment based on individual patient responses for the determination of optimal nutrition provision.
Conclusion
The detection of nutrition risk and diagnosis of malnutrition in critically ill patients are not a simple and straightforward processes. They involve consideration of the pathophysiology of malnutrition and the use of accurate and responsive indicators to measure nutrition status. Despite their inherent limitations, the NUTRIC/mNUTRIC score and SGA may be the current best available tools for the evaluation of nutrition risk and diagnosis of malnutrition, respectively. Other assessment criteria relevant to ICU patients such as GI function, risk of aspiration, and the determination of sarcopenia and frailty may also be useful for a more complete assessment.
Monitoring of serum phosphorus and potassium level after the commencement of nutrition support is needed for early detection of potential refeeding syndrome. A validated nutrition monitoring indicator that is responsive to short-term nutrition therapy is still lacking in the critical care setting, and further research is warranted. 
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